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(54) Vehicle travel safety apparatus 

(57) When a turning state of a subject vehicle is de- 
tected, the action timing of the contact avoidance sup- 
port device is slower than when the turning state is not 
detected. When an action timing determining part 22 es- 
timates that there is the possibility of the subject vehicle 
coming into contact with the vehicle in front and a turning 
state of the subject vehicle is detected based on the out- 
put from a transversal acceleration sensor S4, a chang- 



ing rate of the steering angle sensor S5, and a yaw rate 
sensor S3, a compensation interval calculating part 23 
calculates a compensation interval depending on the 
size of the detected turning state (the amount of the 
steering angle, the changing rate of the steering angle, 
and the transversal acceleration). And the action timing 
of the break actuator 1 2 is slowed by this compensation 
interval. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention is related to a vehicle 
travel safety apparatus for avoiding contact with a object 
based on the relationship of the relative positions of a 
vehicle detected ahead of the subject vehicle by a object 10 
detection apparatus such as a laser radar. 

Description of Related Art 

[0002] Conventionally, as disclosed in Japanese Un- 15 
examined Patent Application, First Publication, No. Hei 
8-240660 and Japanese Unexamined Patent Applica- 
tion, First Publication, No. Hei 6-160510, for example, 
a vehicle travel safety apparatus is known in which elec- 
tromagnetic radiation such as a laser is emitted towards 20 
a vehicle traveling forward ahead of the subject vehicle, 
and based on the result orthe detection of the radar that 
receives the reflected wave from the object of the vehi- 
cle and the like positioned in front of the subject vehicle, 
detects an obstacle traveling forward in front of the sub- 25 
ject vehicle, and based on the result of this detection 
generates an warning that brings about, for example, an 
avoidance operation by the driver based on the results 
of this detection, or automatically carries out a control- 
ling action to avoid contact with the obstacle. 30 
[0003] In addition, among a travel safety apparatus of 
this type, apparatuses are known that carry out the op- 
eration of warning about a collision avoidance taking in- 
to account the speed of the subject vehicle, the path of 
the subject vehicle, the relative distance from the obsta- 35 
cle, the relative speeds, the relative angles and the like. 
[0004] However, in the conventional vehicle travel 
safety apparatus, it cannot always be said that the ele- 
ments of the condition of the driver are sufficiently re- 
flected in the operation control of the travel safety ap- *o 
paratus, and thus, actually, there are cases in which 
warnings and collision avoidance control are carried out 
even in a situation where the driver is steering in ad- 
vance to avoid an obstacle such as a vehicle in front. 
Thereby, the operation of the travel safety apparatus 45 
may be complicated for the driver, and unnecessary 
avoidance actions may occur for an obstacle that 
presents no danger, thus inviting deterioration of the 
drivabiiity. 

[0005] For example, a situation in which a driver is so 
momentarily distracted for about one second for a safety 
check or speed check can certainly occur during normal 
driving, and in this type of situation, there are many 
times that the vehicle is traveling almost perfectly 
straight. In addition, at this time, the steering angle op- 55 
erated by the driver is small, the change of the steering 
angle is low, and the transversal acceleration of the ve- 
hicle is low. In such a situation, when the vehicle travel 



safety apparatus determines that the collision danger is 
high, preferably warnings and collision avoidance con- 
trol is rapidly executed. 

[0006] In contrast, when a steering operation is car- 
ried out that is of a degree for cornering the vehicle or 
changing lanes, etc., generally because the driver is 
driving while paying sufficient attention, and thus in this 
situation when warnings and collision avoidance control 
is carried out by the vehicle travel safety apparatus at 
the same timing as in the situation of the momentary 
distraction mentioned above, not only is this complicat- 
ed for the driver, but there may be a sense that the driv- 
abiiity has deteriorated. 

SUMMARY OF THE INVENTION 

[0007] In consideration of the conventional problems 
described above, it is an object of the present invention 
to provide a vehicle travel safety apparatus that can im- 
prove drivabiiity by modifying the avoidance action tim- 
ing when the turning of the vehicle is detected. 
[0008] In consideration of the above problems, in a 
first aspect of the present invention in it is an object of 
the present invention to provide a vehicle travel safety 
apparatus (for example, the travel safety apparatus 10 
in the embodiment described below) providing a object 
detecting device (for example, the radar apparatus S1 
in the present embodiment described below) that de- 
tects a object in front of the subject vehicle (for example, 
the forward moving vehicle V11 in the embodiment de- 
scribed below), a relative velocity calculating device (for 
example, the radar apparatus S1 in the embodiment de- 
scribed below) that finds the relative velocity between 
the subject vehicle (for example, the subject vehicle V1 0 
in the embodiment described below) based on the result 
of the detection of the object detecting device, a contact 
possibility estimating device (for example, the action 
timing determining part 22 in the embodiment described 
below) that estimates the possibility that the object and 
the subject vehicle will come into contact based on the 
result of the calculation of the relative velocity calculat- 
ing device, and a contact avoidance support device (for 
example, the break actuator 12 and the warning appa- 
ratus 1 7 in the embodiment described below) that auto- 
matically acts in a predetermined interval before contact 
when it is estimated that there is the possibility of contact 
by the contact possibility estimation device, and sup- 
ports contact avoidance between the object and the 
subject vehicle, wherein a turning state detecting device 
(for example, the yaw rate sensor S3, the transversal 
acceleration sensor S4, and the steering angle sensor 
S5 in the embodiment described above) that detects the 
turning state of the subject vehicle, and a compensating 
device (for example, the steps S1 to S11 in the embod- 
iment described below) that compensates the predeter- 
mined interval when a turning state of the subject vehicle 
is detected by the turning state detecting device. 
[0009] Due to this type of structure, when it is estimat- 
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ed that there is the possibility that the subject vehicle 
may contact a object such as a vehicle in front and when 
the turning state of the subject vehicle is detected, the 
action timing of the contact avoidance support device 
can be compensated, and action control of the travel 5 
safety apparatus taking into account the elements of the 
state of the driver is possible. 

[0010] In addition, according to a second aspect of the 
invention, in the invention according to the first aspect, 
the compensation device is characterized in slowing the 10 
predetermined interval. Due to this type of structure, 
when turning state is detected, the action of the contact 
avoidance support device can be made slower than 
when a turning state is not detected. 
[0011] In addition, according to a third aspect of the 
invention, in the invention according to the first and sec- 
ond aspects, the turning state detecting device is char- 
acterized in detecting the steering angle due to the op- 
eration of the driver. Due to this type of structure, com- 
pensating the predetermined interval described above 2° 
depending on the size of the amount of the steering an- 
gle is possible. 

[0012] In addition, according to a fourth aspect of the 
invention, in the invention according to any of the first 
through third aspects, the turning state detecting device 25 
is characterized in detecting the changing rate of the 
steering angle due to the operation of the driver. Due to 
this type of structure, in the case that the steering angle 
and the changing rate of the steering angle are both de- 
tected by the turning state detection device, the detec- 30 
tion of the turning state can be earned out more precisely 
and the compensation of the action timing of the contact 
avoidance support device can be more precise. 
[0013] In addition, according to a fifth aspect of the 
invention, in the invention according to any of the first 35 
through fourth aspects, the turning state detecting de- 
vice is characterized in detecting the transversal accel- 
eration of the subject vehicle. Due to having this type of 
structure, in the case that the transversal acceleration 
and the steering angle or the transversal acceleration *o 
and the changing rate of the steering angle velocity, or 
the transversal acceleration and the steering angle and 
the changing rate of the steering angle are detected by 
the turning state detection device, the detection of the 
turning state can be more precise and the action timing 45 
of the contact avoidance support device can be more 
precisely compensated. 

[0014] In addition, according to a sixth aspect of the 
invention, in the invention according to the first and sec- 
ond aspects, the turning state detecting device is char- so 
acterized in detecting at least two among the steering 
angle, the changing rate of the steering angle, and the 
transversal acceleration of the subject vehicle, and com- 
pensates the predetermined interval by selecting the 
largest among the plurality of compensation amounts 55 
found by the turning state detecting device. Due to hav- 
ing this type of structure, the turning state can be de- 
tected more precisely and the action timing of the con- 



tact avoidance support device can be compensated 
more precisely. 

[0015] In addition, according to a seventh aspect of 
the invention, in the invention according to any of the 
first through sixth aspects, the contact avoidance sup- 
port device is 

characterized in being a vehicle control system. Due to 
having this type of structure, contact avoidance can be 
reliably carried out without depending on the operations 
of the driver. 

[0016] In addition, according to an eighth aspect of 
the invention, in the invention according to any of the 
first through seventh aspects, the contact avoidance 
support device is a notification device provided in the 
vehicle. Due to having this type of structure, the atten- 
tion of the driver can be alerted so that he or she will 
carry out the procedures for contact avoidance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 is a complete diagram showing the structure 
of a vehicle travel safety apparatus device accord- 
ing to an embodiment of the present invention. 
Fig. 2 is a functional block diagram showing the ve- 
hicle travel safety apparatus according to the 
present invention. 

Fig. 3 is a diagram showing the relative positional 
relationship between the subject vehicle and anoth- 
er travel vehicle. 

Fig. 4 is a diagram showing an example of the map 
illustrating the relationship between the changing 
rate of the steering angle and the correction time of 
the vehicle travel safety apparatus according to an 
embodiment of the present embodiment. 
Fig. 5 is a diagram showing an example of the map 
illustrating the relationship between the transverse 
acceleration and the correction time of the vehicle 
travel safety apparatus according to an embodi- 
ment of the present embodiment. 
Fig. 6 is a flowchart showing the activation timing 
correction processing of the vehicle travel safety 
apparatus according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] Below, a vehicle travel safety apparatus ac- 
cording to the present embodiments will be explained 
referring to the figures. Fig. I is a complete structural 
diagram of the vehicle V having the vehicle travel safety 
apparatus 10 according to the embodiments of the 
present invention installed, and Fig. 2 is a functional 
block diagram of the travel safety apparatus 10 shown 
in Fig. 1 . 

[0019] As shown in Fig. 1, the vehicle V having in- 
stalled the vehicle travel safety apparatus 1 0 according 
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to this embodiment provides left and right front wheels 
WFR and WFR, which are the driving wheels to which 
the drive power of the engine E is transmitted via the 
transmission T, and the driven left and right rear wheels 
WRR and WRL. 

[0020] The break pedal 11 operated by the driver is 
connected to the master cylinder 1 3 via the break actu- 
ator 12 that comprises an electric control negative pres- 
sure booster. 

[0021 ] The break actuator 1 2 drives the master cylin- 
der 13 by mechanically doubling the leg power of the 
break pedal 1 1 , and at the same time operates the mas- 
ter cylinder 1 3 by a signal from the electrical control unit 
U independently of the operation of the break pedal 1 1 
during automatic control. Moreover, the input rod of the 
break actuator 12 is connected to the break pedal 11 via 
a lost motion mechanism, and even when the input rod 
is moved forward due to the break actuator 1 2 being ac- 
tivated by a signal from the electric control unit U, the 
break pedal 11 remains at the initial position. 
[0022] The master cylinder 13 is connected to the 
break calipers 15FR, 15 FL, 15RR, and 15RL respec- 
tively provided on the front wheels WFR and WFL and 
the rear wheels WRR and WRL via the pressure adjust- 
er 14. The pressure adjuster 14 will carry out antilock 
break control to suppress locking of the vehicle's 
wheels, and the oil pressures in the breaks transmitted 
to the front wheels WFR and WRL and the rear wheels 
WRR and WRL by a signal from the electric control unit 
U are separately controlled. 

[0023] In the electric control unit U, a radar apparatus 
S1 that transmits an electromagnetic wave such as a 
laser or millimeter wave in the forward direction of the 
vehicle body, and detects the relative distance and the 
relative speed between the body of the car in front and 
the subject vehicle based on the reflected wave, vehicle 
wheel velocity sensors S2,..., S2 that respectively detect 
the number of rotations of the front wheels WFR and 
WFL and the rear wheels WRR and WRL, the yaw rate 
sensor S3 that detects the turning of the vehicle V, the 
transversal acceleration sensor S4 that detects the 
transversal acceleration of the vehicle V, a steering an- 
gle sensor S5 that detects the steering angle due to the 
steering operation of the driver are connected. Moreo- 
ver, the radar apparatus S1 realizes the object detection 
device and the relative speed calculation device in the 
present invention . and the yaw rate sensor S3, the trans- 
versal acceleration sensor S4, and the steering angle 
sensor S5 each realize the turning state detection de- 
vice in the present invention. 

[0024] The electric control unit U controls the opera- 
tion of the break actuator 12 and the pressure adjustor 
14 based on signals from the radar apparatus S1 and 
each of the sensors S2 to S5, and at the same time, 
controls the action of the warning apparatus 1 7 compris- 
ing a speaker, lamp and the like. Moreover, the break 
actuator 1 2 and the warning apparatus 17 each realize 
the contact avoidance support device in the present in- 



vention. 

[0025] In addition, as shown in Fig. 2, the electriccon- 
- trol unit U comprises a vehicle path estimating part 21 , 
an action timing determining part 22, a compensation 
5 time calculating part 23, and an actuator command part 
24. 

[0026] The signal for the vehicle velocity output from 
the vehicle wheel velocity sensor S2 and the signal for 
the turning of the vehicle V output from the yaw rate sen- 

10 sor S3 are input into the vehicle path estimating part 21 , 
and this vehicle path estimating part 21 estimates that 
path on which the vehicle will advance in the future. 
[0027] The signal for the turning of the vehicle output 
from the yaw rate sensor S3, the signal for the transver- 

15 sal acceleration output from the transversal acceleration 
sensor S4, and the signal for the steering angle output 
from the steering angle sensor S5 are input into the com- 
pensation time calculating part 23, and this compensa- 
tion time calculating part 23 calculates the amount of 

20 compensation of the action timing interval based on the 
information from these sensors S3 to S5. 
[0028] The action timing determining part 22 esti- 
mates the collision danger based on the relative dis- 
tance and the relative speed between a physical object 

25 such as a vehicle in front and the subject vehicle, the 
speed of the subject vehicle, and information from the 
vehicle path estimating part 21 and the compensation 
time calculating part 23, and determines the action tim- 
ing. Moreover, the action timing determining part 22 re- 

30 alizes the contact possibility estimating device in the 
present invention. 

[0029] The actuator command part 24 commands the 

break actuator 12 with the actuator output. 

[0030] In the vehicle travel safety apparatus 1 0 struc- 

35 tured as described in Fig. 2, when the turning state of 
the vehicle is detected, the execution timing of the con- 
tact avoidance processing (warning processing and ve- 
hicle control processing) is modified depending on the 
size of this turning state. When the driver is paying suf- 

40 ficient attention during steering, for example, as de- 
scribed above, the execution timing of the contact avoid- 
ance processing slower than during the momentary dis- 
traction so that unnecessary contact avoidance action 
is not taken, and at the same time, drivability is im- 

45 proved. 

[0031 ] When a turning state of a subject vehicle is de- 
tected, the action timing of the contact avoidance sup- 
port device is slower than when the turning state is not 
detected. When an action timing determining part 22 es- 

so timates that there is the possibility of the subject vehicle 
coming into contact with the vehicle in front and a turning 
state of the subject vehicle is detected based on the out- 
put from a transversal acceleration sensor S4, a steer- 
ing angle changing rate sensor S5, and a yaw rate sen- 

55 sor S3, a compensation interval calculating part 23 cal- 
culates a compensation interval depending on the size 
of the detected turning state (the amount of the steering 
angle, the changing rate of the steering angle, and the 
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transversal acceleration). And the action timing of the 
break actuator 12 is slowed by this compensation inter- 
val. 

[0032] Below, the compensation of the execution tim- 
ing will be explained using the contact avoidance 
processing employing the warning apparatus 17. First, 
the normal execution timing of the warning apparatus 
17 will be explained referring to Fig. 3. 
[0033] Here, where the speed of the vehicle 1 0 is VO 
(m/s), the speed of the vehicle in front V11 is V1 (rn/s), 
and the relative distance is AL (m), the electronic control 
unit U calculates the necessary time (hereinafter re- 
ferred to as the headway time) Th (sec) for the vehicle 
10 to arrive at the vehicle V 11 in front based on the 
relative relationships between the relative distance AL 
and relative speed AV (AV = V0 - V1) detected by the 
radar apparatus S1 . In addition, normally the operation 
of the warning apparatus 19 is controlled using the time 
in which this headway time becomes equal to or less 
than the action timing interval Ta (for example, 2 or 3 
seconds) that is set in advance as an action timing. 
[0034] In contrast, in the case that the turning state is 
detected, the action timing interval Ta is compensated 
depending on the size of this turning state, and control 
is carried out such that the action timing is slower than 
normal. 

[0035] In this embodiment, the amount of the steering 
angle, the changing rate of the steering angle, and the 
transversal acceleration due to the operation of the driv- 
er are used as elements for detecting the turning state. 
In addition, based on these respective elements, the 
compensation with respect to the action timing interval 
Ta is calculated, the largest compensation amount DT 
among these is used, and the action timing interval Tar 
after compensation is calculated (Tar = Ta - DT). 
[0036] First, in the case that the compensation 
amount DTd6 of the action timing interval Ta is calculat- 
ed from the changing rate of the steering angle, the elec- 
tronic control unit calculates the changing rate of the 
steering angle A6 (rad/sec) from the amount of the steer- 
ing angle G detected by the steering angle sensor S5, 
and based on the absolute value of the calculated steer- 
ing angle changing rate AG, the compensation amount 
DTdG is calculated referring to the steering angle chang- 
ing rate /compensation time map. Fig. 4 is an example 
of the steering angle changing rate /compensation time 
map, and the compensation amount DTdG is set so as 
to increase as a first order function in accordance with 
the increase in the absolute value of the changing rate 
of the steering angle A6, and the upper limiting value is 
set to 1 .0 (sec). In the map shown in Fig. 4, for example, 
the compensation amount when the changing rate of the 
steering angle AG = n (rad/sec) is DTdG = 0.5 (sec). 
[0037] In addition, in the case that the compensation 
amount DTyG of the action timing interval Ta is calcu- 
lated from the transversal acceleration, the electronic 
control unit U calculates the compensation amount 
DTyG referring to the transversal acceleration/compen- 



sation time map based on the absolute value of the 
transversal acceleration Yg (m/sec 2 ) detected by the 
transversal acceleration sensor S4. Fig. 5 is an example 
of a transversal acceleration/compensation time map, 
5 and the compensation amount DTyG is set so as to in- 
crease as a first order function according to the increase 
in transversal acceleration Yg, and the upper limit value 
is set to 1 .0 (sec). In the map shown in Fig. 5, for exam- 
ple, the compensation amount when the transversal ae- 
ro celeration Yg = 0.5 (sec) is DTyG = 1 .0 (sec). 

[0038] Moreover, the following relationship holds be- 
tween the transversal acceleration Yg (m/sec 2 ) and the 
vehicle speed V (m/s) and the cornering radius R(m): 

15 Yg = VxV/R (1) 

[0039] In addition, because the relationship between 
the amount of the steering angle G (rad) and the corner- 
20 ing radius R(m) is an inverse proportion, Eq. 1 can be 
represented by the following equation: 

Yg «GxVxV (2) 

25 

[0040] In addition, by setting the constant a such that 
the relationship between the amount of the steering an- 
gle G and the compensation time is the same as the re- 
lationship between the transversal acceleration Yg and 
30 the compensation time, the relationship between the 
amount of the steering angle G and the compensation 
time (the compensation amount DTG) can be represent- 
ed by the following equation: 

35 DTG=GxVxVxca (3) 

[0041] Using this equation, the electronic control unit 
U calculates the compensation amount DTG of the ac- 

40 tion timing interval Ta from Eq. 3 based on the amount 
of the steering angle G detected by the steering angle 
sensor S5. Moreover, in this case, the upper limit value 
of the compensation amount DTG is set to 1 .0 (sec). 
[0042] Additionally, in this embodiment, the compen- 

45 sation amount DTG calculated based on the amount of 
the steering angle G, the compensation amount DTdG 
calculated based on the steering angle changing rate 
AG, and the compensation amount DTyG calculated 
based on the transversal acceleration Yg are compared, 

so and using the largest compensation amount among 
these, the action timing interval Tar after compensation 
is calculated from the above equations, and the opera- 
tion of the warning apparatus 17 is controlled using the 
time in which the above described headway time Th be- 

55 comes equal to or less than the action timing interval Tar 
after compensation as the action timing. 
[0043] According to the travel safety apparatus 1 0 of 
the present invention, when it is estimated that there is 
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the possibility that the vehicle V1 0 will contact the object 
such as the vehicle in front V11 and the turning state of 
the vehicle is detected, the action timing of the warning 
apparatus can be compensated so as to slow down de- 
pending on the size of this turning state, and thus when 
the driver is driving by steering while paying sufficient 
attention, such as during cornering or while changing 
lanes, discomfort in driving contributed by unnecessary 
activation of the warning apparatus 1 7 can be prevent- 
ed, the warning apparatus 17 can be activated only 
when a warning is actually necessary, and the precision 
of the execution of the warning apparatus 17 and the 
drivability improve. 

[0044] In the travel safety apparatus 1 0 according to 
the present embodiment, the compensation amounts 
DTe, DTde, and DTyG are respectively calculated 
based on the three turning state detection elements, the 
amount of the steering angle 6, the changing rate of the 
steering angle AO, and the transversal acceleration Yg, 
and using the largest compensation amount among 
these, the action timing of the warning apparatus 17 is 
compensated so as to be slowest, and thus the execu- 
tion precision of the warning apparatus 1 7 and the driv- 
ability are dramatically improved. 
[0045] Next, the action timing compensation process- 
ing of the vehicle travel safety apparatus 1 0 in this em- 
bodiment will be explained referring to the flowchart in 
Fig. 6. 

[0046] First, in step S1 01 , the compensation amount 
DTO is calculated using Eq. 3 based on the amount of 
the steering angle e detected by the steering angle sen- 
sor S5. 

[0047] Next, the flow proceeds to step S1 02, and the 
compensation amount DTde is calculated referring to 
the changing rate of the steering angle/compensation 
time map shown in Fig. 4 based on the steering angle 
changing rate Ae. 

[0048] Next, progressing to step S103, it is deter- 
mined whether or not the compensation amount DTe 
calculated based on the amount of the steering angle e 
is larger than the compensation amount DTde calculat- 
ed based on the steering angle changing rate Ae. 
[0049] In the case that the determination in step S1 03 
is positive, theflow proceeds to step S1 04, and the com- 
pensation amount DTyG is calculated referring to the 
transversal acceleration/compensation time map 
shown in Fig. 5 based on the transversal acceleration 
Yg detected by the transversal acceleration sensor S4. 
[0050] Next, the flow proceeds to step S1 05, and it is 
determined whether or not the compensation amount 
DTO calculated based on the amount of the steering an- 
gle 0 is larger than the compensation amount DTyG cal- 
culated based on the transversal acceleration Yg. In the 
case that the determination in step S1 05 is positive, the 
flow proceeds to step S106, and the compensation 
amount DTO calculated based on the amount of the 
steering angle e will serve as the compensation amount 
DT. This is because as a result of comparing the three 



compensation amounts DTe, DTde, and DTyG, com- 
pensation amount DTO is determined to be the largest. 

[0Q51] In contrast, in the case that the determination 

in step S1 05 is negative, the flow proceeds to step S1 07, 

5 and the compensation amount DTyG calculated based 
on the transversal acceleration Yg will serve as the com- 
pensation amount DT. This is because as a result of 
comparing the three compensation amounts DTe, DT- 
de, and DTyG, compensation amount DTyG is deter- 

10 mined to be the largest. 

[0052] In contrast, in the case that the determination 
in step S103 is negative, the processing proceeds to 
step S108, and the compensation amount DTyG is cal- 
culated referring to the transversal acceleration/com- 

15 pensation time map shown in Fig. 5 based on the trans- 
versal acceleration Yg detected by the transversal ac- 
celeration sensor S4. 

[0053] Next, the flow proceeds to step S1 09, and it is 
determined whether or not the compensation amount 

20 DTyG calculated based on the transversal acceleration 
Yg is larger than the compensation amount DTde cal- 
culated based on the changing rate of the steering angle 
steering angle changing rate Ae. In the case that the de- 
termination in step S109 is positive, the flow proceeds 

25 to step S1 07, and the compensation amount DTyG cal- 
culated based on the transversal acceleration Yg will 
serve as the compensation amount DT. This is because 
as a result of comparing the three compensation 
amounts DTe, DTde, and DTyG, the compensation 

30 amount DTyG is determined to be the largest. 

[0054] In contrast, in the case that the determination 
in step S1 09 is negative, the flow proceeds to step S1 1 0, 
and the compensation amount DTde calculated based 
on the changing rate of the steering angle AO will serve 

35 as the compensation amount DT. This is because as a 
result of comparing the three compensation amounts 
DTO, DTde, and DTyG, the compensation amount DTde 
is determined to be the largest. 

[0055] After each of step Si 06, step S1 07, and step 
40 S1 1 0, the flow proceeds to step S1 1 1 , the action timing 
interval Tar after compensation is c&iculated (Tar = Ta - 
DT), and the present routine stops for the time being. 
[0056] Moreover, the vehicle travel safety apparatus 
according to the present invention is not limited to the 
45 embodiment described above, and for example, the 
transversal acceleration can be calculated from the sub- 
ject vehicle speed and the yaw rate of the subject vehi- 
cle. 

[0057] In addition, in the embodiment described 
so above, the action timing interval Ta of the warning ap- 
paratus 1 7 was explained as an example, but the same 
compensation control is possible for the action timing 
interval Tb of the break actuator 12. In this case, in the 
case that action timings Ta and Tb are compensated, 
55 the action timing interval Ta of the warning apparatus 1 7 
can be set equal to or greater than the action timing in- 
terval Tb of the break actuator 12 (Ta > Tb). Thereby, 
the attention of the driver can be alerted by the warning 
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apparatus 17, and in the case that in spite of this the 
possibility of contact cannot be avoided, the contact 
avoidance can be carried out by automatic control. 
[0058] In addition, in the embodiment described 
above, three elements for detecting the revolution con- 5 
dition were used: the amount of the steering angle, the 
changing rate of the steering angle, and the transversal 
acceleration, and from among the compensation 
amounts DT calculated based on each of these ele- 
ments, the largest compensation amount DT was found, 
and based on this compensation value, the action timing 
interval is compensated. However, as elements for de- 
tecting the rotation state, among the three elements, two 
elements (the amount of the steering angle and the 
changing rate of the steering angle or the amount of the 
steering angle and the transversal acceleration or the 
changing rate of the steering angle and the transversal 
acceleration) can be used, and the action timing interval 
calculated using the largest among the compensation 
values DT calculated based on each of the two elements 
as the compensation amount DT. Alternatively, as ele- 
ments for detecting the rotation state, among the three 
elements, one element can be used : and the action tim- 
ing interval compensated using the compensation 
amount DT calculated based on this element. 
[0059] In addition, in the embodiment described 
above, as a break actuator, the electric control negative 
pressure booster was used, but this is not limited there- 
by, and for example, an electromagnetic proportional 
valve can be provided. 

[0060] As explained above, according to a first aspect 
of the present invention, when it is estimated that there 
is the possibility that the subject vehicle may contact a 
object such as a vehicle in front, the turning state of the 
subject vehicle is detected, and the action timing of the 
contact avoidance support device can be compensated, 
action control of the travel safety apparatus taking into 
account the elements of the state of the driver is possi- 
ble, and thus there is the effect that the contact avoid- 
ance can be made more effective. 
[0061 ] According to a second aspect of the invention, 
when a turning state is detected, the action of the con- 
tact avoidance support device can be made slower than 
when a turning state is not detected , and thus when the 
driver is driving by steering while paying sufficient atten- 
tion, unnecessary activation of the contact avoidance 
support device can be prevented, which device that 
there are the effects that the precision of the execution 
of the contact avoidance can be increased and the driv- 
ability can be improved. 

[0062] According to a third aspect of the invention, 
compensating the predetermined interval described 
above depending on the size of the amount of the steer- 
ing angle is possible, and thus there is the effect that the 
contact avoidance can be made more effective. 
[0063] According to the fourth aspect of the invention, 
compensation of a predetermined interval depending on 
the size of the steering angle change is possible, and 



thus there is the effect that the contact avoidance can 
be made more effective. In particular, in the case that 
the steering angle and the changing rate of the steering 
angle are both detected by the turning state detection 
device, the detection of the turning state can be carried 
out more precisely and the compensation of the action 
timing of the contact avoidance support device can be 
more precise, and thus there are the effects that the pre- 
cision of the execution of the contact avoidance can be 
increased and the drivability further improved. 
[0064] According to a fifth aspect of the invention, 
compensation of a predetermined interval depending on 
the size of the transversal acceleration is possible, and 
thus there is the effect that the contact avoidance can 
be made more effective. In particular, in the case that 
the transversal acceleration and the steering angle or 
the transversal acceleration and the steering angle 
changing rate , or the transversal acceleration and the 
steering angle and the steering angle changing rate are 
detected by the turning state detection device, the de- 
tection of the turning state can be more precise, and thus 
there are the effects that the precision of the execution 
of the contact avoidance can be increased and the driv- 
ability further improved. 

[0065] According to a sixth aspect of the invention, the 
turning state can be detected more precisely and the 
action timing of the contact avoidance support device 
can be compensated more precisely, and thus the pre- 
cision of execution of the contact avoidance can be fur- 
ther increased and the drivability can be further im- 
proved. 

[0066] According to a seventh aspect of the invention, 
contact avoidance can be reliably carried out without de- 
pending on the driving operations, and thus there is the 
effect that the safety is increased. 
[0067] According to an eighth aspect of the invention, 
there is the effect that the attention of the driver can be 
attracted such that he or she carries out the procedures 
for contact avoidance. 

[0068] When a turning state of a subject vehicle is de- 
tected, the action timing of the contact avoidance sup- 
port device is slower than when the turning state is not 
detected. When an action timing determining part 22 es- 
timates that there is the possibility of the subject vehicle 
coming into contact with the vehicle in front and a turning 
state of the subject vehicle is detected based on the out- 
put from a transversal acceleration sensor S4, a chang- 
ing rate of the steering angle sensor S5, and a yaw rate 
sensor S3, a compensation interval calculating part 23 
calculates a compensation interval depending on the 
size of the detected turning state (the amount of the 
steering angle, the changing rate of the steering angle, 
and the transversal acceleration). And the action timing 
of the break actuator 1 2 is slowed by this compensation 
interval. 
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Claims 



5. 



A vehicle travel safety apparatus providing a object 
detecting device that detects an object in front of 
the subject vehicle, a relative velocity calculating 
device that finds the relative velocity between the 
subject vehicle and the object based on the result 
of the detection of said object detecting device, a 
contact possibility estimating device that estimates 
the possibility that said object and the subject vehi- 
cle will come into contact based on the result of the 
calculation of said relative velocity calculating de- 
vice, and a contact avoidance support device that 
automatically acts in a predetermined interval be- 
fore contact when it is estimated that there is the 
possibility of contact by said contact possibility es- 
timation device, and supports contact avoidance 
between said object and the subject vehicle, where- 
in said vehicle travel safety apparatus provides: 

a turning state detecting device that detects the 
turning state of the subject vehicle, and 
a compensating device that compensates said 
predetermined interval when a turning state of 
the subject vehicle is detected by said turning 
state detecting device. 



a vehicle control system. 

A vehicle travel safety apparatus according to claim 
1 wherein said contact avoidance support device is 
a notification device provided in the vehicle. 
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20 



25 



A vehicle travel safety apparatus according to claim 
1 wherein said compensation device slows said 
predetermined interval. 30 

A vehicle travel safety apparatus according to claim 
1 wherein said turning state detecting device de- 
tects a steering angle of the steering due to the op- 
eration of the driver. 35 

A vehicle travel safety apparatus according to claim 
1 wherein said turning state detecting device de- 
tects a changing rate of the steering angle of the 
steering due to the operation of the driver. 40 

A vehicle travel safety apparatus according to claim 
1 wherein said turning state detecting device de- 
tects the transversal acceleration of the subject ve- 
hicle. 45 

A vehicle travel safety apparatus according to claim 
1 wherein said turning state detecting device de- 
tects at least two among the steering angle, the 
steering angle changing rate, and the transversal so 
acceleration of the subject vehicle, and said com- 
pensation device compensates said predetermined 
interval by selecting the largest among said of com- 
pensation amounts found by each of the plurality of 
said turning state detecting device. 55 

A vehicle travel safety apparatus according to claim 
1 wherein said contact avoidance support device is 
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